A microscopic reflectance spectrophotometer was constructed to obtain the spectra of single pial ves sels and of a region containing only capillaries (capillary region). The difference in the oxygen saturation (S02) of hemoglobin between the regional arteriole and venule [R(A -V)] and that between the regional arteriole or capillaries [R(A -C)] were calculated. The reduction of cytochrome aa3 was also estimated in the capillary re gion. This method was applied to the brain surface of spontaneously breathing rats subjected to hypoxic and anemic hypoxia. On decreasing the inhaled O2 from 100 to 15%, elevation of R(A -V) and R(A -C) with slight arteriolar dilatation (though statistically not significant) was observed. Below 10% O2 (especially at 4 and 3% O2),
the R(A -V) and R(A -C) decreased in spite of signif icant arteriolar dilatation with progressive reduction of cytochrome aa3, indicating suppression of oxygen trans port to mitochondria. In the case of hemodilution down to 37% hematocrit (Ht), elevation of R(A -V) and R(A -C) occurred with a slight tendency toward arteriolar di latation. Below 32% Ht, the R(A -V) decreased but the R(A -C) remained steady, while reduction of cy tochrome aa3 progressed. Altogether, the S02 in the cap illary region decreased and the reduction of cytochrome aa3 progressed with the decline of arteriolar O2 supply in both hypoxic and anemic hypoxia. Key Words: Cerebro vascular circulation-Cytochrome aa3-Hemoglobin Hypoxia-Microspectrophotometry-Oxygen transport.
cerebral cortical function (Jobsis et aI., 1977; Kari man and Burkhart, 1985; LaManna et aI., 1987; Miyake et aI., 1991) . On the other hand, a micro scopic spectrophotometer has been employed in mi crofluorometry to detect NADH (Chance et aI., 1962) ; in trans illuminated micro spectrophotometry to determine the oxygen release from single mi crovessels (Popel et aI., 1989; Shiga et aI., 1990; Tateishi et aI., 1992) ; and in experimental applica tions for functional mapping with cryospectropho tometry (Bashford et aI., 1982; Fenton and Gayeski, 1990) .
In the present study, we developed a system for intravital micro spectrophotometry to obtain the re flectance spectrum of a small spot (20 /-lm in diam eter) on the cortex and to calculate the O2 saturation of hemoglobin (H b) in the flowing red cells in ' ves sels (i.e., with a pial arteriole, pial venule, or cap illaries, separately) and the redox state of cy tochrome aa3 of the mitochondria of the brain tis sue. For the first time, we were then able to calculate the difference in O2 saturation between the regional arteriole and venule [R(A -V)] and that between the regional arteriole and capillaries [R(A -C)]. We applied the present system to spon taneously breathing rats subjected to acute hypoxia to study cerebral oxygen metabolism as a function of arteriolar O2 supply, focusing on a small region of rat brain.
This article, thus, deals with a novel apparatus for microscopic reflectance spectroscopy and its application to rat brain. Two distinct series of ex periments were performed: hypoxic hypoxia achieved by varying the inhaled O2 concentration and anemic hypoxia induced by hemodilution. The influences of arteriolar O2 supply on cerebral en ergy metabolism are discussed.
MATERIALS AND METHODS

Animals and experimental procedures
Wistar rats weighing 250-350 g were anesthetized by intraperitoneal injection of a-chloralose (50 mg/kg) and urethane (500 mg/kg). After insertion of a tracheal can nula, the animals were allowed to breathe spontaneously. Polyethylene catheters (0.5 mm OD, 0.2 mm ID) filled with heparinized saline were inserted into the femoral artery and vein for monitoring the arterial blood pressure and/or for withdrawing blood samples (from the femoral artery) or injecting saline solution (from the femoral vein). Hematocrit (Ht) was measured in the withdrawn arterial blood using a Ht centrifuge (KH-120; Kubota, Tokyo, Japan).
Following craniotomy (4 x 4 mm over the parietal lobe), the dura was stripped off to prevent light reflection from the dural vessels (Watanabe and Rosenblum, 1987) . A small piece of white polyvinyl tape was attached to the cranium next to the site of craniectomy, as a standard reference for measurement of the reflectance spectra.
The animal was placed on an electrically controlled sil- 
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Video monitor icone rubber heater, and the rectal temperature was main tained at 37 ± O.soC. The brain surface was irrigated with artificial cerebrospinal fluid (Elliott and Jasper, 1949) , the composition of which was as follows: potassium, 3.8 mEq/L; sodium, 139 mEq/L; calcium, 1.5 mEq/L; mag nesium, 0.4 mEq/L; chloride, 120 mEq/L; hydrogen monophosphate, 0.5 mEq/L; bicarbonate, 20.7 mEq/L; and dextrose, 4.4 mEq/L. The pH of the fluid was ad justed to 7.3-7.4 by bubbling with a gas mixture of 95% air and 5% carbon dioxide. Continuous bipolar EEG recording was performed (AB-65IJ; Nihon Kohden, Tokyo, Japan) with stainless screw electrodes placed on the frontal and parietal skull bone on the side opposite to the craniotomy.
Observation system ( Fig. 1) Microscopic reflectance spectrophotometry. The brain surface was epiilluminated with a 150-W halogen lamp (fiberoptic light source; Nikon Optical Co., Tokyo, Ja pan). The microscope was equipped with an objective lens (x40) (M Plan 40; Nikon Optical Co.) having a long working distance. An additional optic pathway, com posed of a prism, relay lenses, and iris diaphragm, was placed in the light path of the microscope (Optiphot; Ni kon Optical Co.). Originally, this pathway was designed for a light source of fluorescence excitation. Reflected light from a small cortical region of 20 J.Lm in diameter was guided through this optic pathway to an optic fiber at tached to a spectrophotometer (MCPD-200; Otsuka Elec tronics Co., Ibaragi, Japan). A linear array consisting of 1,024 photodiodes received the visible light after reflec tion by a grating. A gate time of 3 s was adopted to obtain a visible reflectance spectrum from 400 to 800 nm.
The size of the spot (20 J.Lm) was sufficiently small to yield the reflection spectrum of a single pial vessel, either an arteriole or a venule, and of the cortical region con taining only capillaries (capillary region). Typical spectra obtained from a rat are illustrated in Fig. 2 . Spectral analysis. The optical density (OD) in reflec tance mode is expressed as follows:
where 10 is the reflected light intensity of the reference (namely, from the white polyvinyl tape), 1 is the reflected light intensity from the spot on the brain surface, and A is wavelength. Furthermore, we need to consider the spec trum of the flowing erythrocytes (a mixture of oxy-Hb and deoxy-Hb in red cells) and the light scattering and the shift of baseline. The observed values (OD).. ) can be ex pressed by the following formula:
where K is a parameter related to the product of the con centration of Hb and the optical path length, E).. oxy -Hb is the "standard" reflectance pattern at wavelength A for oxy-Hb and E).. deoxy -Hb is that for deoxy-Hb, F is the frac tional saturation of Hb oxygenation, and the last term, a/A 4 + b, expresses the contribution from the light scat tering and the shift of baseline. It is hard to determine the standard molar reflectance for Hb of flowing red cells in vessels. Data for Hb solu tions could not be used, because of the modification of the spectral pattern due to light scattering and spectral flattening. The standard reflectance patterns for E).. oxy-Hb and E).. deoxy-Hb in a pial arteriole were obtained as follows:
(a) The spectral pattern of intravascular oxy-Hb was re corded from a pial arteriole of a rat inhaling 100% oxygen, and (b) that of deoxy-Hb was obtained from the same vessel while the rat inhaled 100% nitrogen and a solution of sodium hydro sulfite was superfused over the cortex.
We compared many spectra for E).. oxy -Hb (n = 16) and E).. deoxy-Hb (n = 3) in 10 rats. The spectral patterns of Hb were similar in all rats (though with variation in Ht, scat ter, and baseline). Thus, we adopted a set of typical spec-tral patterns obtained with a rat as standard reflectance spectra throughout.
By employing these two spectral patterns and the isos bestic wavelengths of oxy-and deoxy- Hb, i.e., at 522, 548, 569, and 586 nm (Van Assendelft, 1970) , standard spectral patterns for the same concentration, E).. oxy-Hb and E).. deoxy -Hb , were calculated. Equation 2 was then solved for observed OD).. values of 71 points in the spectral range of 520-590 nm by the non linear least-squares method (Gauss-Newton method), to obtain the various parameters (K, F, a, and b). The K value was a relative parameter related to the concentra tion of Hb, because the standard patterns (E values) were not on a molar basis.
The reduction of cytochrome aa3 was also estimated from the calculated fourth derivatives (Savitzky and Go lay, 1964) of the reflectance spectrum from the capillary region. The reflectance spectrum of the capillary region consists of the spectra of flowing red cells containing oxy Hb and deoxy-Hb and the spectrum of cytochromes in tissue. The spectra of oxygenated and deoxygenated red cells in glass capillaries are shown in Fig. 3 (l and 2) with their fourth derivative curves, respectively. The spec trum of reduced cytochromes was obtained from perfused brain with 100% N2-bubbled saline solution, through can nulas in carotid arteries, as shown in Fig. 3 (3). In the fourth derivative spectrum of the capillary region, a peak of cytochrome aa3 could be recognized by a peak be tween 607 (top) and 617 (bottom) nm when the deoxygen ation of Hb proceeded above 50%. However, the peak was too low to be distinguished from the spectrum of Hb at high oxygen tension. Therefore, the numerical differ ence at 607 and 617 nm on the fourth derivative curve was adopted as an index of cytochrome aa3 reduction, only when a peak (607-617 nm) was recognized.
Measurement of pial vessel diameter. The diameter of the pial arteriole, for which the reflectance spectrum was recorded, was measured with a video system (C2400; Ha mamatsu Photonics, Hamamatsu, Japan) and a video an alyzer (Percept Scope C3160, Hamamatsu, Japan) at tached to the microscope.
RESULTS
Hypoxic hypoxia
Preliminary observations. Spontaneous breathing was irreversibly arrested in all three cases tested <3% O2 inhalation for several minutes. The lower limit for inhaled O2 concentration was thus set at 3%.
Continuous measurement of the O2 saturation in a capillary region was performed at 20% O2; then the inhaled O2 concentration was decreased suddenly to 4% O2, Stabilization of the O2 saturation was achieved within 30 s in all three rats ( Fig. 4) . ' We therefore always began the recordings of the spec tra, and the measurements of the arteriolar diame ter, at 2 min after the sudden change in O2 concen tration. Three minutes was needed to obtain spectra twice in each of the three regions (a pial arteriole, a pial venule, and a capillary region) and to measure the diameter of the pial arteriole. Thus, 5 min was Wavelength (nm) Wavelength (nm) required to complete the measurements for each O2 concentration. Finally, the following experimental protocol was adopted for studying the effect of hyp oxic hypoxia on the brain tissue: successive, step wise decreases of O2 concentration in the inhaled O2, in the order 100, 20, 15, 10, 4, and 3%. 6) were allowed to inhale 20% O2, so that the O2 saturation in the capillary region recovered. In ad dition, a high O2 saturation compared with the con trol was observed temporarily after recovery, but the degree of O2 saturation then decreased gradu ally to the control level. The EEG showed a slow wave under 4 and 3% O2, but recovered after 20% O2 inhalation.
Responses to decreased O2 concentrations. Ex periments were performed on six rats. Down to 10% O2 inhalation, the diameter of the pial arterioles, of which diameter ranged from 27 to 38 fLm, exhibited a little dilatation (although statistically not signifi cant on average, since four of six rats showed va sodilatation but the other two rats showed constric tion). Then, at 4 and 3% Oz inhalation, all rats showed marked vasodilatation. MABP scarcely changed from 100 to 15% Oz, but fell significantly at <10% Oz (Fig. 6a ).
The O2 saturation ofHb in the arterioles, venules, and capillaries decreased with the diminution of the inhaled Oz (Fig. 6b) .
When the inhaled Oz was lowered in the order of 100, 20, and 15%, R(A -V) and R(A -C) in creased. However, when the inhaled O2 fell succes sively from 10 to 4 to 3%, R(A -V) and R(A -C) decreased (Fig. 6c ). The reduction of cytochrome aa3 became pro nounced as the hypoxia proceeded < 10% inhaled Oz (Fig. 6d) . At a high level of O2 inhalation, the degree of reduction could not be estimated.
Anemic hypoxia
Experimental protocol. Anemic hypoxia was induced by hemodilution. Twelve rats [which achieved the high Ht (>50%) by a limitation of wa ter intake for 30-40 h prior to the experiment] were used to investigate the effect of Ht on Hb oxygen ation and cytochrome aa3 oxidation. After control measurements of the spectra and arteriolar diame ter had been made, 1 ml of blood was withdrawn from the femoral artery, and 1 ml of physiological solution (Krebs-Henseleit) was injected into the femoral vein. At 2 min after these procedures, mea surements of the spectra and vessel diameter were again made. Such hemodilution was repeated until spontaneous breathing stopped. Respiratory arrest occurred after six to nine repetitions of the hemo dilution maneuver, aqd the Ht was reduced to 25-38%.
Responses to hemodilution. Data obtained at dif ferent degrees of hemodilution were classified into six groups of Ht. The average initial Ht was 53. 2 ± 4. 3% (SD) due to hemoconcentration.
As Ht declined to <37%, arteriolar diameter (0). venules (0). and capillaries (6) as a function of inhaled O2 concentration. c: Relationships between inhaled O2 concentration and the regional arteriolar-venular (0) tended to increase on average (though statistically not significant) and MABP decreased (Fig. 7a ). However, after the first or second hemodilution procedure, some rats showed a slight decrease in (0), venules (0), and capillaries (.6.). c: Relation ship between Ht and the regional arteriolar-venular (0) and arteriolar-capillary (0) differences. arteriolar diameter. Therefore, the average diame ter decreased slightly with mild hemodilution. As shown in Fig. 7b , the O2 saturation in the arte riolar blood was steady down to -37% Ht and fell at J Cereb Blood Flow Metab, Vol. 14, No. I, 1994
low Ht values. The O2 saturation of the venular blood and that in the capillaries decreased as Ht declined.
The changes in R(A -V) and R(A -C) are shown in Fig. 7c . Down to 37% Ht, R(A -V) and R(A -C) increased, while <32% Ht, R(A -V) decreased but R(A -C) remained steady.
The reduction of cytochrome aa3 progressed as Ht was reduced to <37% (Fig. 7d ).
DISCUSSION
Evaluation of present system
It is possible to obtain a visible reflectance spec trum of a large spot (e.g., >1 mm in diameter) in a much shorter acquisition time (e.g., <0.5 s) with a better signal/noise ratio using the present appara tus. However, if a large spot (1 mm in diameter) was observed using the objective lens of lOx and with wide iris, the spectral patterns (i.e., the degrees of O2 saturation of Hb) differed from one spot to an other, depending on the number of arterioles and/or venules included in the spot. Thus, in the present study, the isolated spectrum was recorded from a single microvessel or from a capillary region with a spot diameter of 20 /-Lm.
The main advantage of the present method is its ability to analyze the spectrum of a small spot (<1> = 20 /-Lm). The individual reflectance spectra from a pial arteriole, a pial venule, and the capillary region can be obtained separately (Fig. 2) , and the O2 sat uration of Hb can be calculated. We can also esti mate the degree of cytochrome aa3 reduction from the higher-order derivative curves of reflectance spectra of a <1> = 20 /-Lm region containing only cap illaries (see Fig. 3 ). The optical depth of the mea surement in the capillary region is unknown. How ever, because the pial arterioles and venules pene trate tangentially into the cortex (Mchedlishvili and Kuridze, 1984) , the reflected light originating from these thick vessels may not include the spectrum of the capillary region.
Cerebral "arteriovenous" O2 differences are con ventionally quantified by sampling blood from the carotid artery and from the jugular vein. The present apparatus permits a new approach: An es timation of R(A -V) is made in a small region. Furthermore, as an effective new index, the differ ence in O2 saturation between arteriole and capil lary [R(A -C)] may be introduced. If a discrep ancy between R(A -V) and R(A -C) exists, valu able information about the regional cerebral circulation and metabolism may be obtained. For example, in the presence of an organic or functional arteriovenous shunt, less oxygen is drained through the brain tissue; R(A -V) will become depressed, but R(A -C) may rise due to drainage of oxygen from the capillaries. Rigorously speaking, we have no proof for the continuity of the "arteriole to venule through capillaries" in our set of spectral measurements. The degree of O2 saturation in indi vidual arterioles must be much the same, but those in venules may not be; further, a spectrum from a capillary region contains the reflectance of many capillaries from the surface to a certain depth. Therefore, R(A -C) represents an averaged value at the focused region, but not an exact value for one set of arteriolar-venular continuum with capillaries; the same is true with R(A -V).
Changing inhaled O2 concentration (hypoxic hypoxia) (see Fig. 6 
)
The changes in blood pressure during hypoxic hypoxia are species-specific. In rats, hypotension has been reported (Morff et aI., 1981; Sylvia et aI. , 1985) . Our results are in agreement with these pre vious reports. As the inhaled O2 concentration de creased, the O2 saturation of Hb in the arterioles, venules, and capillaries declined, accompanying successive reduction of cytochrome aa3 in the cap illary regions.
It has been reported that cerebral vasoconstric tion or decreased CBF occurs with 100% O2 inha lation (Mchedlishvili, 1980; Heistad and Kontos, 1983 ). In the present study, when the O2 concentra tion declined from 100 to 20%, a slight vasodilata tion was observed (though statistically not signifi cant). This response may be due to the fact that the rats were allowed to breathe spontaneously under the anesthetized condition, and/or the brain surface was superfused with the medium equilibrated with a gas mixture of 95 % air and 5% CO2, In any case, the increase in R(A -V) and R(A -C) in this study can be interpreted as an increase in fractional ex traction brought about either by an increased oxy gen uptake or by a reduction in oxygen delivery. At present, detailed explanation for the mechanism of this phenomenon is difficult, since we have not measured blood flow. However, oxygen toxicity of brain tissue has been reported (Kontos, 1989; Ikeda and Long, 1990) , and such processes may occur temporarily under high O2 inhalation.
Upon reduction of the inhaled O2 concentration from 20 to 15 %, elevated R(A -V) and R(A -C) were observed. An increase in CBF under the tol erable hypoxia has been reported regardless of the vasoconstrictive effect induced by hypocapnia with hyperventilation (Mchedlishvili, 1980; Heistad and Kontos, 1983) . Thus, the present elevation of R(A -V) and R(A -C) may reflect an increasing ox ygen uptake in spite of the decrease in O2 concen tration from 20 to 15%. An increase in oxygen con-sumption under conditions of mild hypoxia (a de crease from 18 to 14% in arterial O2 content) has been reported and attributed to release of catechol amine (Traystman et aI., 1978) .
Below 10% O2 (especially at 4 and 3% 02), R(A -V) and R(A -C) decreased and arterioles dilated markedly. In response to relatively severe hypoxia, dilatation of the arteriolar diameter and/or increase in CBF have been commonly observed (Kontos et aI., 1978; Heistad and Kontos, 1983) . Such arterio lar dilatation compensates for low arterial O2 con centration or low blood flow. Nevertheless, despite this compensation, reduction of cytochrome aa3 proceeded, suggesting a diminished O2 supply to mitochondria. The O2 saturation of Hb in the venule became similar to that in the capillary region and sometimes they reversed (see later discussion).
Anemic hypoxia (see Fig. 7) Generally, hemodilution increases CBF due mainly to the decreased blood viscosity (Wood and Kee, 1985; Hartmann et aI., 1989) . According to Rosenblum (1971) , most vessels in mice were un changed in diameter with decreased Ht. Hudak et aI. (1989) , however, demonstrated vasoconstriction with increased CBF in cats. We observed a tenden cy toward arteriolar dilatation to <37% Ht (Fig. 7a) .
Animals subjected to acute anemic hypoxia ex hibited slow wave EEG; then arrest of spontaneous respiration occurred under a higher O2 saturation in the arterioles (74%), venules (46%), and capillaries (42%). The dysfunction in anemic hypoxia at high O2 saturations was contrasted to the situation in hypoxic hypoxia. In hypoxic hypoxia, animals sur vived under much lower O2 saturation in arterioles (16%), venules (14%), and capillaries (12%) <3% O2, although they exhibited a slow wave EEG; and the O2 saturations in the vessels could be restored by 20% O2 inhalation. These differences suggest that in anemic hypoxia, the systemic circulation system or a vital center in the brainstem is readily affected by hemodilution in spite of relatively abun dant O2 saturation in the red cells as compared with the case of hypoxic hypoxia.
The O2 saturation of the arterioles appeared to remain steady until � 37% Ht, but the O2 content of the capillaries and venules decreased at the same time. These phenomena indicate that the diluted blood fails to fulfill the oxygen demand of the brain tissue, in spite of an abundant oxygen saturation. At low Ht (27 and 32%), the O2 saturation of Hb in the arterioles, venules, and capillaries decreased. The reason for the decrease in the O2 saturation in ar terioles may be related to insufficient pulmonary and cardiac function, reflected as systemic hy-potension. At low Ht (�27%), R(A -V) decreased but R(A -C) remained steady. Moreover, except for 1 of 12 rats, venous O2 saturation was higher than capillary O2 saturation (see later discussion).
A peak of cytochrome aa3 on the fourth deriva tive spectra of the capillary region became recog nizable at <55% O2 saturation in the capillaries. Reduction of cytochrome aa3 developed below �37% Ht, indicating a decrease of O2 supply to mitochondria. In hypoxic hypoxia, the peak be came recognizable at <52% O2 saturation in the capillaries. Regardless of the type of hypoxia (ane mic or hypoxic), capillary O2 saturation of the order of 50% appears to be a critical level for the detec tion of reduced cytochrome aa3.
Common response to arteriolar O2 supply
Some responses to the decreased O2 supply were similar in both hypoxic and anemic hypoxia. For example, the gradual decline of MABP (measured at the femoral artery) occurred in a similar fashion to the arteriolar O2 supply, which was approxi mated by the product of pial arteriolar O2 saturation and Ht (Fig. 8a) . The diameter of pial arterioles seemed to show a nearly two-phase response as a function of arteriolar O2 supply, although we could not reduce Ht below 25% (Fig. 8b) . For an expla nation, there are two possibilities, as follows: (a) At extreme hypoxia [i.e., arterial O2 supply (arteriolar O2 saturation x Ht) below 20], the diameter in creased remarkably in all animals; however, with arterial O2 supply >20, a slight dilatation (but sta tistically not significant) occurred, since the arteri olar responses differed in individual animals as de scribed before. The results suggest that the critical arteriolar O2 supply is �20 for the autoregulatory mechanism in the pial arteriole of rat under our ex perimental conditions. (b) In the case of hypoxic hypoxia, the reduction of O2 supply is mainly com pensated for by the increased CBF accompanied by vasodilatation in pial arterioles (Mchedlishvili, 1980; Heistad and Kontos, 1983) . On the other hand, under anemic hypoxia, reduction of O2 sup ply may be compensated for by an increase in CBF in spite of less or minor vasoresponse in pial arte rioles as suggested by Rosenblum (1971) and Hudak et al. (1989) , since blood viscosity is extremely re duced by hemodilution.
The O2 saturation of Hb in the capillary region, perhaps representing the oxygen tension in a very local region, declined with the decrease of the arte riolar O2 supply (Fig. 8c) . A minor discrepancy in the declining curve between hypoxic and anemic hypoxia may be due to differences in flow velocity, capillary Ht, etc., because the product of arteriolar O2 saturation and Ht (as in Fig. 8 ) cannot represent the exact quantity of oxygen inflow per unit time without a knowledge of the flow volume. On the other hand, R(A -V) and R(A -C) were 25-35% in most cases, except for extremely high or low O2 supply (Fig. 8d ). R(A -V) and RCA -C) de creased at low arteriolar O2 supply (4 and 3% O2 inhalation), accompanying remarkable arteriolar di-latation and systemic hypotension, probably be cause metabolism was markedly depressed. In both hypoxic and anemic hypoxia, the O2 sat uration in venules became similar in level to that of capillaries, and sometimes these values reversed when the arteriolar O2 supply severely decreased. This may be attributed to several reasons: (a) Func tional arteriovenous shunting increased the venous O2 saturation to a higher level than the capillary O2 saturation; (b) venous blood steals oxygen from the tissue at low oxygen level; (c) the venules moni tored do not correspond to the observed capillary region.
Among these explanations, the establishment of functional arteriovenous shunting may be plausible. Under low O2 inhalation the decrease in arteriolar O2 saturation may lead to a regional disturbance of oxygen metabolism, and under low Ht a nonuni form distribution of red cells may occur at branch ing points of the arterioles; such damage and flow instability may induce functional arteriovenous shunting. Here, we may define the term "shunting capillaries" on the basis that in such capillaries, the amount of flowing red cells, or the capacity for ox ygen transport, exceeds the demand of the tissue when compared with other regions. These shunting capillaries may be characterized by a decreased R(A -V) and a steady R(A -C).
As shown in Fig. 9 , the reduction of cytochrome aa3 progressed with the decrease in the product of the pial arteriolar O2 saturation and Ht, i. e., the approximated O2 supply by the pial arteriole. The spectral detection of cytochrome aa3 reduction at high O2 saturation (>50% oxygenation ofHb in cap illary region) was difficult, due to overlap of the Hb spectrum with a small contribution of the reduced cytochrome aa3 spectrum. FIG. 9. Relationship between degree of cytochrome aa3 re duction and the product of arteriolar O2 saturation (%) and arterial hematocrit (0 < Ht < 1). The data were obtained from animals subjected to decreases in inhaled O2 concentration (0; n = 4) and hemodiluted animals (e; n = 12). All the data presented in Figs. 6d and 7d are included here.
Summary
In summary, the main advantage of the present method is its capability to analyze the reflectance spectra of individual arterioles and venules sepa rately in a very local region, as well as to estimate both the oxygenation level of the flowing blood in capillaries and the redox level of the mitochondria. On this basis, we compared the effects of hypoxic hypoxia with those of anemic hypoxia, with respect to oxygen delivery and cytochrome reduction.
